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Abstract
We conducted phase II trial to evaluate the efficacy and safety of weekly nanoparticle albumin-bound (nab)-
paclitaxel compared with docetaxel, followed by FEC as neoadjuvant chemotherapy. A pathologic complete
response (pCR) was defined as the primary endpoint. No significant differences were found in the pCR in
HER2L patients. However, in the Ki67 high-expression group, weekly nab-paclitaxel showed a tendency to-
ward a greater pCR compared with docetaxel.
Background:Weeklynanoparticle albumin-boundpaclitaxel (nab-paclitaxel) demonstratedgreater efficacywith less toxicity
than docetaxel inmetastatic breast cancer.We conducted a randomizedphase II to compare these regimens as neoadjuvant
chemotherapy for HER2 early-stage breast cancer. Patients and Methods: Stage I-III human epidermal growth factor
receptor-negative (HER2) breast cancer patients were included in the present trial and received either docetaxel every 3
weeks or nab-paclitaxel on days 1, 8, and 15 every 28 days for 4 cycles, followed by FEC (5-fluorouracil, epirubicin,
cyclophosphamide) every 3 weeks for 4 cycles. The primary endpoint was the pathologic complete response (pCR) rate,
defined as ypT0 and ypN0. The secondary endpoints were pCR (ypT0/ypTis and ypN0), the clinical response rate (using the
Response Evaluation Criteria In Solid Tumors criteria), histologic effect of treatment (using the Japanese Breast Cancer
Society classification), breast conservation rate, and adverse events. Results: A total of 152 eligible patients were enrolled
at 6 centers. The baseline characteristics were well balanced. In comparing the 2 regimens (docetaxel/nab-paclitaxel), the
pCR rate was 12% and 17% (P ¼ .323). In the Ki67 > 20% group, the pCR rate was greater (24%) for the nab-paclitaxel
arm than for the docetaxel arm (16%; P ¼ .432). The most common grade 3/4 adverse event was neutropenia, observed in
40% and 36% of cases in the nab-paclitaxel and docetaxel arms, respectively. The nonhematologic adverse events of any
grade were myalgia (34% and 32%), arthralgia (42% and 35%), and peripheral sensory neuropathy (55% and 65%) for the
2 treatment arms. No grade 3/4 peripheral sensory neuropathy was observed in the nab-paclitaxel arm. Conclusion:
Weekly nab-paclitaxel administered at a dose of 100 mg/m2 showed equivalent efficacy and was well tolerated compared
with docetaxel as neoadjuvant therapy. Nab-paclitaxel might be more effective in patients with highly proliferative cancer.
Clinical Breast Cancer, Vol. 18, No. 6, 474-80 ª 2018 Elsevier Inc. All rights reserved.
Keywords: Breast cancer, Chemotherapy, Docetaxel, Nab-paclitaxel, Neoadjuvant1Department of Breast Surgical Oncology, Showa University School of Medicine,
Tokyo, Japan
2Department of Breast Surgery, St. Luke’s International Hospital, Tokyo, Japan
3Department of Medical Oncology, Toranomon Hospital, Tokyo, Japan
4Department of Breast Surgical Oncology, St. Marianna University School of Medi-
cine, Tokyo, Japan
5Department of Breast Surgical Oncology, Tokyo Medical and Dental University,
Tokyo, Japan
6Department of Breast Surgery, Tokyo Kyosai Hospital, Tokyo, Japan
Submitted: Dec 21, 2016; Revised: May 24, 2018; Accepted: Jun 18, 2018; Epub: Jun
27, 2018
Address for correspondence: Takashi Kuwayama, MD, Department of Breast Surgical
Oncology, Showa University School of Medicine, 1-5-8 Hatanodai Shinagawa-ku,
Tokyo, Japan
E-mail contact: kuwayama@med.showa-u-ac.jp
Clinical Breast Cancer December 2018
1526-8209/$ - see frontmatter ª 2018 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.clbc.2018.06.012
Author's Personal CopyIntroduction
The National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-18 and B-27 evaluated neoadjuvant chemotherapy for
patients with early-stage breast cancer. The results demonstrated
that a pathologic complete response (pCR) was a prognostic factor
for disease-free survival and overall survival.1,2 NSABP B-18
compared neoadjuvant and adjuvant chemotherapy for patients
with early-stage T1-T3 breast cancer. No significant difference was
found in the 9-year survival rate between the 2 groups.1 In NSABP
B-27, the addition of docetaxel to AC (doxorubicin, cyclophos-
phamide) as neoadjuvant chemotherapy suggested a trend toward
improvement in disease-free survival and a significant improvement
in local recurrence.2
A Cochrane meta-analysis of 14 trials enrolling 55,000 patients
comparing neoadjuvant therapy with postoperative chemotherapy
showed that the risk of death for patients with a pCR was reduced
by almost one half compared with patients without a pCR.3 Simi-
larly, a report by von Minckwitz et al,4 which was an individual
patient meta-analysis of 6377 patients, the pCR was associated with
overall survival. Cortazar et al5 conducted an individual patient
meta-analysis of 11,955 patients. That report showed that the pCR
was associated with better event-free survival and overall survival.5
Thus, it is believed that the development of new drugs, which
showed greater pCR, or existing drugs targeting a specific subtype
will accelerate in the future. In Japan, the Japan Breast Cancer
Research Group evaluated the sequential administration of anthra-
cycline and taxane as neoadjuvant chemotherapy.6,7 The comple-
tion rate for docetaxel followed by FEC (5-fluorouracil [5-FU],
epirubicin, cyclophosphamide) seemed to be greater than that of
FEC followed by docetaxel (73% and 63%, respectively). Taxane,
followed by anthracycline, might be a feasible regimen, and the pCR
rate for this regimen showed a tendency to be high.
Nanoparticle albumin-bound (nab)-paclitaxel consists of solvent-
free 130-nm size albumin-bound paclitaxel. It was developed to
avoid the use of the cremophor vehicle used in solvent-based (sb)-
paclitaxel. In a randomized phase III trial that compared 260 mg/m2
of nab-paclitaxel every 3 weeks with 175mg/m2 of standard paclitaxel
every 3 weeks for patients with metastatic breast cancer (MBC), nab-
paclitaxel achieved a significantly greater overall response rate (ORR)
and time to treatment failure than sb-paclitaxel (ORR, 33% vs. 19%;
P ¼ .001; time to treatment failure, 23 weeks vs. 16.9 weeks;
P ¼ .006).8 The frequency of grade 4 neutropenia was significantly
lower for nab-paclitaxel than for sb-paclitaxel (9% and 22%,
respectively; P ¼ .001). Nab-paclitaxel produced a greater rate of
grade 3 sensory neuropathy (10% and 2%, respectively; P¼ .001).
Gradishar et al9 conducted a phase II trial that examined the
efficacy and safety of nab-paclitaxel administered weekly and every 3
weeks compared with docetaxel administered every 3 weeks in
patients with MBC.9 Weekly administration of nab-paclitaxel
demonstrated a greater ORR than docetaxel. The disease control
rate was significantly greater for nab-paclitaxel relative to docetaxel.
Grade 3 fatigue and febrile neutropenia were less frequent using the
weekly nab-paclitaxel regimen. The frequency and grade of peripheral
neuropathy were similar between each group. Based on these results,
we performed the phase II trial to compared weekly nab-paclitaxel and
docetaxel for patients with early-stage breast cancer.Patients and Methods
The present study was a multicenter, randomized, phase II study.
Patients with stage I-III HER2 and early-stage breast cancer were
included. To be eligible, patients were required to meet the
following criteria: age  20 years, Eastern Cooperative Oncology
Group performance status of 0 or 1, histologically confirmed,
invasive clinical stage T1c-T3cN0M0 or T1-T3N1M0 breast
cancer; and treatment naive for current breast cancer. All the tumors
were locally tested for estrogen receptor (ER), progesterone receptor
(PR), and HER2 status. All the patients provided written informed
consent before enrollment in the present study. Institutional review
board of each institution approved the study.
Treatment
All patients underwent treatment as outlined in Figure 1. Patients
received either 4 cycles of docetaxel (75mg/m2 on day 1) every 3 weeks
or 4 cycles of nab-paclitaxel (100 mg/m2 on days 1, 8, and 15) every 4
weeks, followed by 4 cycles of FEC (5-FU, 500mg/m2, epirubicin 100
mg/m2, and cyclophosphamide 500 mg/m2) every 3 weeks. The sub-
sequent chemotherapy cycle was delayed until patient recovery, which
included the following parameters: neutrophil count,  1500/mm3;
platelet count,  75,000/mm3; hemoglobin concentration,  8.0
g/dL; AST or ALT,< 100 IU/L; total serum bilirubin,< 1.5 mg/dL,
and serum creatinine concentration, < 1.5 mg/dL. In addition,
nonhematologic adverse events (excluding nausea, diarrhea, and
alopecia) were required to be grade 0 or 1. The parameters for dose
reductions were as follows: neutrophil count, < 500/mm3, platelet
count,< 50,000/mm3, febrile neutropenia grade 3, nonhematologic
adverse events grade  3. For docetaxel, the dose levels were level
1 (60 mg/m2). For nab-paclitaxel, the dose levels were level
1 (80 mg/m2). For 5-FU and cyclophosphamide, the dose levels were
level 1 (400mg/m2) and level 2 (300mg/m2). For epirubicin, the dose
levels were level 1 (80 mg/m2) and level 2 (60 mg/m2).
Statistical Analysis
The primary endpoint was the pCR rate, defined as no invasive
tumor or noninvasive residual tumor in the breast or lymph nodes
(ypT0 and ypN0). The secondary endpoints were the pCR rate
(ypT0/is and ypN0; no invasive residual tumor in the breast or
lymph nodes; noninvasive breast residual disease allowed), clinical
response rate, histologic effect of treatment (using the Japanese
Breast Cancer Society classification10), breast conservation surgery
rate, and toxicity. We performed a post hoc analysis for pCR
stratified by tumor status (ER, PR, HER2, Ki67, and clinicopath-
ologic subtype). The clinical response was evaluated using the
Response Evaluation Criteria In Solid Tumors, version 1.0. The
histologic effect was evaluated and graded using the Japanese Breast
Cancer Society classification: grade 0, no response; grade 1, slight
response; grade 2, marked response, grade 3, complete response.
With an assumed pCR rate of 23%, 68 patients were planned for
enrollment in each arm. This was determined to achieve 95%
confidence intervals for the pCR rate of 10%. Efficacy data were
run using the intention to-treat population. We calculated the
difference in the pCR by continuity-corrected c2 tests. Toxicity was
graded using the Common Terminology Criteria for Adverse
Events, version 4.0.Clinical Breast Cancer December 2018 - 475
Figure 1 Study Profile. *One Patient did not Receive Surgery (Adverse Events). yOne Patient Refused Treatment. zOne Patient Failed to
Return, and one Patient Refused Surgery
Abbreviations: nab-paclitaxel ¼ nanoparticle albumin-bound paclitaxel; FEC ¼ 5-fluorouracil, epirubicin, cyclophosphamide; pCR ¼ pathologic complete response.




From March 2011 to March 2014, 152 eligible patients were
enrolled at 6 centers in the present study (Figure 2). The status of
ER, PR, HER2, and Ki67 were evaluated for 152 patients (100%),Figure 2 Study Schema
Abbreviations: FEC ¼ 5-fluorouracil, epirubicin, cyclophosphamide; nab-paclitaxel ¼ nanoparticle al
Clinical Breast Cancer December 2018149 patients (98%), 152 patients (100%), and 128 patients (84%),
respectively. The median age was 51 and 49 years for the docetaxel
and nab-paclitaxel groups. Also, 61% and 61% of the patients had
ERþ, 38% and 36% had triple-negative breast cancer (TNBC), and
57% and 65% had Ki67 > 20% breast cancer in the docetaxel andbumin-bound paclitaxel.
Table 1 Patient Baseline Characteristics (Intention-To-Treat)
Characteristic
Group A (n [ 77;
Docetaxel Followed
by FEC)







ECOG PS 0 77 (100) 75 (100)
Stage T2/T3 68 (88) 69 (92)
Nþ 33 (43) 33 (44)
ERþ 47 (61) 46 (61)
PRþ 35 (45) 38 (51)
TNBC 29 (38) 27 (36)
Ki67  20% 44 (57) 49 (65)






ECOG PS 0 44 (100) 49 (100)
T2/T3 37 (84) 47 (96)
LNþ 21 (48) 20 (41)
ERþ 22 (50) 27 (55)
PRþ 15 (34) 19 (39)
TNBC 21 (48) 22 (45)
Data presented as n (%).
Abbreviations: ECOG ¼ Eastern Cooperative Oncology Group; ER ¼ estrogen receptor; FEC ¼
5-fluorouracil, epirubicin, cyclophosphamide; nab-paclitaxel ¼ nanoparticle albumin-bound
paclitaxel; PR ¼ progesterone receptor; PS ¼ performance status; TNBC ¼ triple-negative
breast cancer.
Figure 3 Pathologic Complete Response (ypT0, ypN0) Rate
Abbreviations: nab-paclitaxel ¼ nanoparticle albumin-bound paclitaxel; FEC ¼ 5-fluorouracil,
epirubicin, cyclophosphamide.
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Author's Personal Copynab-paclitaxel groups, respectively. In the Ki67 > 20% patients, the
median age was 52.5 and 48 years, 50% and 55% had ERþ disease,
and 48% and 45% had TNBC in the docetaxel and nab-paclitaxel
groups, respectively. The baseline characteristics were well balanced
(Table 1). The proportion of patients who completed the planned 8
cycles of treatment was 90% and 81% in the docetaxel and nab-
paclitaxel groups, respectively.
Efficacy
The pCR (ypT0, ypN0) rate was 12% and 17% for docetaxel
and nab-paclitaxel, respectively (P ¼ .323; Figure 3). In the TNBC
group, the pCR (ypT0, ypN0) rate was 28% and 30% for docetaxel
and nab-paclitaxel, respectively (P ¼ .866; Figure 4). No significant
difference was found in those with luminal A and B disease (data
was not shown). In the Ki67 > 20% group, the pCR (ypT0, ypN0)
rate was greater in the nab-paclitaxel group (24%) than in the
docetaxel group (16%; P ¼ .432) in the nab-paclitaxel group. One
patient was evaluated as having ypT0/Tis, ypN0 in the nab-
paclitaxel group. The pCR (ypT0/is, ypN0) rate was 12% and
18% in docetaxel and nab-paclitaxel group, respectively, which did
not show a statistically significant difference. Of the 109 patients
(72%) for whom a clinical response was reported after 4 cycles of
taxane, the response rate was slightly lower with docetaxel (44%)
than with nab-paclitaxel (52%). After completion of FEC, thecorresponding clinical response rates were similar (53% and 57%).
Regarding the histologic effect, the grade 2 or 3 response with
nab-paclitaxel (37%) was significantly greater than with docetaxel
(22%; P ¼ .039). No statistically significant difference was found
between the 2 groups in the proportion of patients receiving breast
conservation surgery (data not shown).
Toxicity
The toxicity data are detailed in Table 2. The most common
grade 3/4 adverse event was neutropenia, which was observed in
40% and 36% for docetaxel and nab-paclitaxel. The non-
hematologic adverse events of any grade were myalgia (34% and
32%), arthralgia (42% and 35%), and peripheral sensory neurop-
athy (55% and 65%). No grade 3/4 peripheral sensory neuropathy
was observed in the nab-paclitaxel arm. An adverse reaction to a
docetaxel infusion occurred in 1 patient.
Discussion
We evaluated the efficacy and safety of nab-paclitaxel followed by
FEC as neoadjuvant chemotherapy in the present trial. The short-
term goal of neoadjuvant chemotherapy is to achieve a pCR for
early-stage breast cancer. Because several studies reported that pCR
is prognostic factor for survival, especially for luminal breast cancer
and TNBC.2-5 AC, followed by docetaxel, as neoadjuvant chemo-
therapy was evaluated in the NSABP-B27 and GEPAR-DUO
trials,2,11 the pCR rate in these 2 trials was 26% and 22%,
respectively. Therefore, the sequence of anthracycline and taxane
would show a greater pCR than other regimens. The reason we
chose nab-paclitaxel was that this drug produced a greater response
than sb-paclitaxel and docetaxel in an MBC setting.8
Nab-paclitaxel was administrated at a higher dose than sb-
paclitaxel by combining albumin. However, the optimal dose of
nab-paclitaxel has not yet been determined because cumulative
toxicity, including peripheral neuropathy is seriously expressed after
the administration of nab-paclitaxel. We divided treatment into
weekly intervals for 3-week periods to improve the feasibility.
Therefore, we set the dose intensity of weekly nab-paclitaxel to beClinical Breast Cancer December 2018 - 477
Figure 4 Subgroup Analysis of the Pathologic Complete Response (pCR; ypT0, ypN0) Rate: (A) Triple-Negative Breast Cancer (TNBC);
and (B) Ki67 ‡ 20%
Abbreviations: nab-paclitaxel ¼ nanoparticle albumin-bound paclitaxel; FEC ¼ 5-fluorouracil, epirubicin, cyclophosphamide.
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Author's Personal Copyappropriate for a 3-week regimen (85 mg/m2/wk). We planned this
trial before the start of the GEPAR-SEPTO trial, which compared
nab-paclitaxel and sb-paclitaxel for patients with early-stage breast
cancer.12 Thus, the dose and schedule of nab-paclitaxel were
different at 100 mg/m2 on days 1, 8, and 15 every 28 days in the
present study and 150 mg/m2 weekly in the GEPAR-SEPTO trial.
The GEPAR-SEPTO protocol was amended by changing the dose
of nab-paclitaxel from 150 mg/m2 to 125 mg/m2; this was because ofClinical Breast Cancer December 2018concern regarding the occurrence of serious peripheral neuropathy
and rash. The frequency of grade 3 peripheral neuropathy was high
in the nab-paclitaxel group compared with the sb-paclitaxel at 80
mg/m2 weekly (11% vs. 3%). In the present study, no grade > 3
peripheral neuropathy occurred in the nab-paclitaxel group. Because
the planned cumulative dose of nab-paclitaxel in the present study
were lower than that in the GEPAR-SEPTO trial. The planned cu-
mulative dose and the frequency of any grade peripheral neuropathy
Table 2 Toxicity in Various Treatment Arms
All Grade/Grade 3/4
Group A (n [ 77) Docetaxel
Followed by FEC
Group B (n [ 74) Nab-Paclitaxel
Followed by FEC P Value
Neutropenia 51 (66)/31 (40) 62 (84)/27 (36) .012/.634
Leukopenia 59 (77)/23 (30) 60 (81)/16 (22) .502/.246
Peripheral sensory neuropathy 42 (55)/0 (0) 49 (66)/0 (0) .142/NA
Myalgia 26 (34)/0 (0) 24 (32)/0 (0) .862/NA
Arthralgia 32 (42)/0 (0) 26 (35)/0 (0) .417/NA
Fatigue 53 (69)/0 (0) 47 (64)/0 (0) .490/NA
Alopecia 66 (86)/0 (0) 43 (58)/0 (0) < .001/NA
Diarrhea 13 (17)/0 (0) 15 (20)/1 (1) .592/.231
Vomiting 11 (14)/0 (0) 8 (11)/0 (0) .519/NA
Nausea 41 (53)/0 (0) 43 (58)/0 (0) .548/NA
Anorexia 29 (38)/0 (0) 25 (34)/0 (0) .619/NA
Stomatitis 33 (43)/0 (0) 21 (28)/0 (0) .063/NA
Pigmentation 16 (21)/0 (0) 17 (23)/0 (0) .744/NA
Infusion reaction 1 (1)/0 (0) 0 (0)/0 (0) .245/NA
Data presented as n (%).
Abbreviations: FEC ¼ 5-fluorouracil/epirubicin/cyclophosphamide; NA ¼ not applicable; nab-paclitaxel ¼ nanoparticle albumin-bound paclitaxel.
Takashi Kuwayama et al
Author's Personal Copywere as follows: 1200 mg/m2 and 66% in the present study for
nab-paclitaxel, 960 mg/m2 and 69% in the GEPAR-SEPTO sb-
paclitaxel trial, and 1500 mg/m2 and 89% in the GEPAR-SEPTO
nab-paclitaxel trial. In contrast, the pCR with nab-paclitaxel of 100
mg/m2 did not demonstrated a statistically significant difference
compared with docetaxel in HER2 patients. However, in the
Ki67-high group, the pCR with nab-paclitaxel showed a tendency to
be greater than that with docetaxel. In the GEPAR-SEPTO trial,
nab-paclitaxel 125 mg/m2 achieved a significantly greater than with
sb-paclitaxel 80 mg/m2 (44% vs. 33%). We suggested that a greater
dose intensity of nab-paclitaxel would be more effective in TNBC
patients. In the present study, although Ki67 was not evaluated in all
patients. Ki67 was not a required examination in the protocol because
it was not common when the study was planned.We supposed one of
the reason that nab-paclitaxel can be possible with shorter infusion
duration than sb-paclitaxel and then drug intratumor concentrations
can be higher. This subgroup analysis was not preplanned; we sought
to determine the predictive factors for efficacy of nab-paclitaxel.
Additional study is necessary to determine whether Ki67 is a true
predictive factor of nab-paclitaxel. A subgroup analysis in the
GEPAR-SEPTO trial on the expression of secreted protein acidic and
rich in cysteine (SPARC), which can be a predictive factor for nab-
paclitaxel, showed that SPARC expression was not associated with
the pCR. Our study examined the correlation between the expression
of serum SPARC and the efficacy of nab-paclitaxel (unpublished
data).
Our study had several limitations. First, ER, PR, HER2, and
Ki67 status and the pathologic response were assessed by patholo-
gists in each participating institution but not by a central review
board. We considered the interobserver variation in these results.
Second, we set the schedule of nab-paclitaxel as weekly for 3 weeks
every 4 weeks. The continuous schedule of nab-paclitaxel has a
higher dose intensity than that of our schedule. No evidence has
shown which schedule is better in early-stage breast cancer. Third,
the intervals for the evaluation of adverse events and performingclinical examinations were scheduled at drug administration. Pa-
tients in the weekly nab-paclitaxel groups came more frequently
than did the docetaxel group; therefore, the patients in the nab-
paclitaxel group underwent blood testing more frequently. Thus,
chance of detecting an adverse event was increased. We are planning
a study to evaluate the patient-reported outcomes in the future.
Conclusion
Weekly nab-paclitaxel administered at a dose of 100 mg/m2
showed equivalent efficacy and tolerance compared with docetaxel
as neoadjuvant therapy. Nab-paclitaxel might be more effective in
patients with highly proliferative cancer.
Clinical Practice Points
 Weekly nab-paclitaxel resulted in a greater frequency of pCR
compared with docetaxel; however, no statistically significant
difference was found in the overall, TNBC, and Ki67-high group.
 Regarding the histologic effect, weekly nab-paclitaxel resulted in
a significantly greater response than docetaxel.
 It is necessary to determine useful predictive factors and optimal
doses of nab-paclitaxel in a neoadjuvant setting.
 Weekly nab-paclitaxel at 100 mg/m2 was a tolerable treatment
for adverse events, although the clinical testing was more
frequent than that for docetaxel.
 We would recommend weekly nab-paclitaxel owing to the bal-
ance between efficacy and toxicity.Disclosure
The authors declare that they have no competing interests.References
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